Background-A study was undertaken to investigate the compliance with and accuracy of peak flow diaries in childhood asthma. Methods-Forty asthmatic children (5-16 years) were asked to perform peak flow measurements twice daily for 4 weeks by means of an electronic peak flow meter and to record values in a written diary. Patients and parents were unaware that the device stored the peak flow values on a microchip. In random order, half of the patients were only told that the device allowed for more accurate assessment of peak flow while the other half were told that accurate recording of peak flow was important because the results would be used in guiding adjustments to treatment. Data in the written diary (reported data) were compared with those from the electronic diary (actual data). Results-In the entire study population the mean (SD) actual compliance (77.1 (20.5)%) was much lower than the mean reported compliance (95.7 (9.1)%) (95% CI for diVerence 12.7% to 24.4%) The percentage of correct peak flow entries decreased from 56% to <50% from the first to the last study week (p<0.04), mainly as a result of an increase in self-invented peak flow entries. Results were comparable for both groups. For incorrect peak flow entries the mean diVerence between written and electronically recorded entries ranged from -72 to 34 l/min per patient. Conclusions-Peak flow diaries kept by asthmatic children are unreliable. Electronic peak flow meters should be used if peak flow monitoring is required in children with asthma.
Current guidelines for management of childhood asthma advocate the use of long term home monitoring of peak flow to provide an "objective measurement for the course of the disease and the patient's response to therapy". 1 2 In self-management plans for children with asthma, adjustments to therapy are usually based on peak flow values recorded in a diary. 3 4 Although peak flow diaries thus play a prominent role in the management of this very common disorder, limited published evidence is available on the reliability of peak flow diaries kept by asthmatic children and their parents.
Adults have been shown to be unreliable in keeping peak flow diaries for themselves, [5] [6] [7] [8] but parents may be more compliant to doctor's orders for their children's illnesses than for their own. In one study in children with asthma, the number of correct peak flow entries decreased from 80% during the first week to 50% during the third week of peak flow recording. 9 This study, however, was performed in African-American and Hispanic underprivileged children from an inner city environment visiting the emergency room for acute asthma whose compliance with treatment was known to be poor. 10 We now report the results of a study examining the accuracy and reliability of peak flow diaries in white asthmatic children with relatively stable asthma.
Methods

PATIENTS
Forty consecutive asthmatic children aged 6-15 years of white ethnic origin who attended our paediatric outpatient asthma clinic for a regular follow up visit agreed to participate in the study. None lived in underprivileged low socioeconomic conditions and all had been under our care for at least one year before enrollment in the study. All patients and parents had received our usual comprehensive education programme on the causes of asthma, on measures to reduce allergen and passive smoke exposure, and on inhaled drug therapy. All children had moderately severe persistent asthma and were clinically stable on maintenance therapy with inhaled corticosteroids. They appeared to be well motivated to comply with treatment. Most patients had used a peak flow meter previously, but none had used a peak flow meter on a regular basis in the 6 months prior to entering the study.
STUDY DESIGN
Patients were given a portable electronic peak flow meter (Vitalograph 2110, Vitalograph Ltd, Buckingham, UK) and were instructed in the correct use of the device. Before taking the device home patients had to demonstrate a correct manoeuvre. Patients were asked to perform peak flow measurements in the morning between 06.00 and 10.00 hours and in the evening between 18.00 hours and 22.00 hours. They were instructed to perform three peak flow manoeuvres and to record the highest of these three attempts in a written diary for 4 weeks.
Patients and parents were unaware that the electronic peak flow meter automatically stored the peak flow values together with the date and time on a microchip memory. They were told that the device was novel in that it could record peak flow digitally and electronically, allowing for more accurate assessment of peak flow. Half of the patients received no other information than this ("basic information", BI group) while the other half of the patients were explicitly told that accurate recording of peak flow was important because peak flow values would be used in guiding adjustments to treatment ("extended information", EI group). Allocation to these two groups was done at random using a random number table generated by a computer statistical package (SPSS).
ANALYSIS OF DATA
At the end of the 4 week study period patients returned to the clinic for a check up. The data on the memory chip of each electronic peak flow meter were downloaded into a personal computer. Each electronic peak flow diary was checked for excessive outliers (more than +2 SD from the diary's mean peak flow) that might suggest that an adult or an older sibling had used the device 9 and such outliers were excluded. Peak flow values recorded outside the required time periods (between 06.00 and 10.00 hours and between 18.00 and 22.00 hours) were also excluded from analysis.
From each diary the variables listed in box 1 were computed. The change in variables over time was analysed using repeated measures ANOVA, comparisons within groups were performed with paired t tests, and comparisons between groups were performed using independent sample t tests. SPSS was used for statistical analyses.
ETHICAL CONSIDERATIONS
The study was approved by the hospital medical ethics review board which agreed that, for the particular purpose of this study, informed consent of patients and parents need not be sought.
Results
PATIENTS
All 40 patients (27 boys) completed the study. The mean (SD) age was 9.2 (2.3) years. All patients were using inhaled corticosteroids at a mean (SD) daily dose of 268 (159) µg. The mean (SD) forced expiratory volume in one second (FEV 1 ) was 103.5 (14.6)% predicted.
COMPLIANCE
The mean (SD) reported compliance was 96.6 (6.3)% in the BI group and 94.8 (11.4)% in the EI group (95% CI for diVerence -4.0% to 7.6%). Over the entire study period the mean reported compliance was considerably higher than the mean actual compliance for both the BI group (73.4 (22.4)%, 95% CI for diVerence 12.8% to 33.7%) and the EI group (80.9 (18.3)%, 95% CI for diVerence 8.2% to 19.6%). There was no significant diVerence in actual compliance between the two groups (95% CI for diVerence -20.6% to 5.6%)
The actual compliance in both groups decreased significantly from week 1 to week 4 (table 1). Overall actual compliance was <50% in 12.5% of patients, 50-75% in 20% of patients, and >75% in 67.5% of patients.
ACCURACY
The mean percentage of correct, incorrect, missing, and self-invented peak flow values are presented in table 2. The percentage of correct peak flow value entries decreased throughout the study in both groups (table 3). The percentage of incorrect peak flow value entries remained fairly constant throughout the study and was comparable between groups, as was the percentage of missing peak flow values. The percentage of self-invented peak flow entries was slightly higher in the BI group than in the EI group (mean diVerence 9.3%; 95% CI -2.7% to 21.3%; table 2). In the BI group the percentage of self-invented peak flow entries Compliance Number of recorded peak flow values expressed as a percentage of the number of required peak flow values (twice daily for 4 weeks, n=56). Reported compliance: compliance calculated for the written peak flow diary. Actual compliance: compliance calculated for the electronic peak flow diary.
Accuracy
For the following variables percentages of occurrence were computed: Correct peak expiratory flow: recorded peak flow in the written diary is identical to the highest peak flow value at the appropriate time point in the electronic diary. Incorrect peak expiratory flow: recorded peak flow in the written diary is not identical to the highest of peak flow values recorded at a given time point. Self-invented peak expiratory flow: peak flow value is not recorded in the electronic diary but is in the written diary. Missing peak expiratory flow: peak flow value is recorded neither in the electronic nor in the written diary. increased almost threefold from week 1 to week 4 (p=0.001) while the increase in self-invented peak flow entries in the EI group was not significant (p=0.28; table 3). For incorrect peak flow entries the mean difference between written and electronically recorded peak flow entries ranged from -72 to 34 l/min per patient. The largest negative and positive diVerences noted in the entire study population between single electronically recorded peak flow and their corresponding written entries in the dairy were -168 and 163 l/min, respectively.
Box 1 Variables computed from each peak flow diary.
Discussion
This study shows that peak flow diaries kept by well informed, well motivated white children with asthma are unreliable. Not unexpectedly, the overall compliance with peak flow monitoring during the 4 week study was considerably higher in this group of aZuent white asthmatic children (table 1) than in underprivileged black or Hispanic inner city children studied previously. 9 The accuracy of the peak flow diaries in the children we studied, however, was surprisingly poor, with up to 25% of peak flow entries being incorrectly recorded-that is, the patients wrote down a diVerent value in the diary from that actually blown with the peak flow meter. The magnitude of the diVerence between the actual peak flow value and the one written in the diary could amount to >160 l/ min. In addition, even in this group of well motivated white children, a considerable proportion of peak flow entries were selfinvented-that is, not blown at all but a written entry in the diary anyway. Patients in the BI group recorded such self-invented peak flow values slightly more frequently than patients in the EI group (table 2) . This suggests that, if patients know that peak flow values in their diary may lead to adjustment of their current treatment, they are perhaps less likely to invent peak flow values. Nevertheless, even in children who were carefully informed on the importance of monitoring peak flow, only half of the written peak flow values were recorded correctly (table 2) . This implies that asthmatic children are not reliable in monitoring and recording peak flow, even for a relatively short period of time.
The implications of these results for clinical practice and research are considerable. In clinical practice peak flow diaries are used very frequently for monitoring childhood asthma and making adjustments to maintenance therapy. 1 2 If as many as half of the entries in a peak flow diary are unreliable, then the use of peak flow diaries for asthma self-management is clearly not justified. Patients in our study both overscored and underscored their actual peak flow values in their written diaries. As a result, both undertreatment and overtreatment of childhood asthma is a very real possibility if practitioners base their treatment decisions on the results of written peak flow diaries. Similarly, the results of clinical studies using peak flow diaries as an end point must be seriously questioned if many of the entries in such diaries are either erroneous or self-invented. We propose that, if peak flow monitoring is to be implemented in clinical trials of childhood asthma, only electronic peak flow meters should be used.
This study was performed in a hospital based population of well motivated, well informed white aZuent children with relatively stable moderately severe persistent asthma. It is possible that other asthmatic children would be more reliable in keeping a peak flow diary. In particular, children using a peak flow meter in the context of a formal self-management plan with specific therapeutic actions being taken at certain peak expiratory flow levels might produce more reliable diaries. Further studies are therefore needed to evaluate the reliability of peak flow diaries in other populations and settings. If our findings are confirmed in other studies, the recommendation to perform home monitoring of peak flow routinely should be removed from asthma guidelines.
The Vitalograph electronic peak flow meters were kindly provided by Astra Zeneca, The Netherlands. 
